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PURPOSE:

Optiaxal Torgue Control

for SCOLE Slewing Maneuvers

TO SLEW THE SCOLE FROM ONE ATTITUDE TO THE REQUIRED

ATTITUDE, AND MINIMIZE AN INTEGRAL FERFORMANCE IND2X

NHICH INVOLVES THE CONTROL TORQUES.
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L. tin=2123tizal ,ai 9yaanical Zlaations

(R131id 32902 Zonfi juration)

r~

1= (1/2) T4
I 7 =-% I w+ u
wh2re j Tuler Paramnetar Vactor i = (3, b, 1z 13 ]T
W Anjular Velocity vVactor .+ = (w, 15 93T
u <ontrol lorgue Vactor 4 = (u, uy 1317
3 =W =dy =Wy ]
J =g I
~ W, J 3 =y ~
N = Vo= d )] -,
= 3
V2 = J 1
L Y2 I 3
L 3 Nz =4, ) |
i -la =Lz
[ = -Lia laz -1 ,I
“Is -lag -Izz
ANiera (Raf,.1)
Iy = 1132533 , 133 = 7937417 e Izz= 71132352 ,
' 2
Lijg= -7555 , I, = 113232 , .Iz3= 52233 {Sluj-ft)
or

I, = 1535474 , Iz

3533321 , I;3= 9545235 ,

I‘z= -13243 ’ 1‘3

155193 , Ip= 73933 (K3-13)

(2)
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J.2333143 -J3,3311151 J.J132393 7
C = -J.J3J510684 3.3273353  3.3742533

-3.0182577 -3.3743742 J.9271252

I

I, Im

Iz |

winer2 subindex, M, reprasents tha srincipal axes systean,

2
7137342 {(Slujg-£ft )

I = 1139233 , I = 5335292, 1

From (2), the iynanical eyaation vecomnes

C'ICCw= 0T 2cTt 2cTy + 2Ty
or - ~
TnVpm= - A I Imt Qpm (3)
WwWnarca
u = 2 u,, A= Ay

Similarily, we aave

3= (1/2) Ta, | (4)
EJ.(3) can de written as

Vm= = Inimlnwm + Lpum (3)

For simplicity, we drop subindex m in the following 3Jderivation,
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2. Optiaal Zontrol TWHO=-Point 30unlary-value Proolen (T23vp)

Cost fuaction

T .t'f
$

J = (1/2)5{_ ata 1t = (1/2)Jt ulu it
(] [

Thae Haamiltonian, H, for the system (4),(5) is

H= (1/2) oTa + 5Ty + Ty

37 aeans of Pontryajin's Principle, tne aecessary conditions for
minimizining J, are '

9

p)

plus (4) and (3), whera ‘_3=[p° 2

- @i} === > S - (1/2) Vo (5)

(Jwlr +(1/2)( ila (7))

r‘.
I

- {94/ w} === >

—}

{af{/au} === ) U = - I r A (3)

T

]

-

- T
2, 2, 23 r = [r, r, £tz | are

tae costates correspoanding to g and W, respectively,.

(Jw]

(3]

J JZ .15 J3 Az .I J =(IB-I2)/I1
= J‘ ~3 J Jé N‘ J =(Il -13)/I2
[ 3, 5, Iy, 1 T o=(I,~1,) /14

1
e
N
o
w
)
1o
-}
[E5

After sudstitution of u from (3) into (5), ~we jet

.
w

wnere

/4




Let

-
2203 3 1, 1, A Wl vy 3, 2 % 2 % faryl o= [z zy)T
2203, 9 123 4 v T, 2200, 3 2,0, £, r, )T
E35.(4),(5),(7),(3) caa Ye written as
z = 7(z2) (13)
The boundary conditions
z,(t) . z, (&) are xnown,
’ (11)
z,(t) , zz(tf) ire uanknown,

Tais is tne TP3VP. If we find th2 unknown s0oundary values,

zZo(ty), taen we can integrate (1J) to Jat r, aad from (3) we
odotain the control torjue vactor, u.
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3ricf Review 9f l2tands

(1) 3200ting ‘tethods(Ref.3)

Solve ZE=F(Z) ?’,f

1611 2,9 3 AZ = -E?’
] o, z;é”, [to, 4] s R
| 0 294 8220 | / Yes, stop.

] Zf

\“‘&Sy

;Z;Of—‘ &(Az;j-) .

(2) Qduasilinerization Metnods(R2£.3,14)

&HCSS Z(a)&) , SO-‘.VC:r 2 N f-u-) If&
Scmisfg : Zio, 413, exactLﬂ) Zz= N (FRH2 209
b ==F@ , approx. 210, 215, Zap

§+0F

—] Z(w) =25 )+5220 -

(3) Gradient dethods(22f.4)

L Z,=F (2,u), Z0)= 2o | /\
6'“255 uLo)(',‘t') = — 1 < ———
] ao f (aT<e)
Z=F,(2u), 2= 32“*5 \/

‘l‘ U ) W Sy ,

!

— R i

(4) Otiner Metnods(Ref.2)

C .. 2 T
Minimize 3 =209

o

subject to tae tarninal contraints z (t4)

= an
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3. Zstination of Jnknown 8oundary Tonditions
3.1 3Special Case of Slewiny iotion
The SCOLE rotates adout an arditrary axis € fixed ia J0th
2037 axes systam and iaertial space Soordinats 3ysten, i.e., the
Euler rotation. From the onysical point of view, the rotatioa is
very sinple, its rotationa 1a3le is small, aaj therefore nay
cbn#umes less 2nergyy (torgu2) . In view of our cost fuaction, it
is reasonasle to think tnat the odtinal slewiny i3 near the Zu-
ler rotation. Considering the analytical solution anou- single
orincipal axis falxeuver in Ra2f.2, we da2fine a rotation 1ajle
8(t), aoout an arditrary axis E,
B(t)=6,+ 0;1; +(1/2)é;t’+(1/5)¢§;t3 (12)
For the jiven doundary conditions
0(¢3) =g, é(z) =é,(=3),9(tf) =@f ,(=230), é(tf) =73, (13)

W2 have

b= (58/ch) -4 Goyey

- . (14)
= - (120 /t3) 4 (5 6o/t
(12 f/tj)+(o 90/tj)

QQ
[

After substitution of @ ani £ into (13), ve czan jet zZ(J),ﬁD
1nlt1al juess of the costates at initial tims t=¢t,.
3.2 3ome Porperties of the Costates, ¢
Since qrq =1
we nave T2 = 1= coastant + but 32# 1
3 1s an unknown which is usually Jetermined by itaration, thus
( a4 wjfr ===> 5 independant conditions
g '

[ 2; ===> 7 unknowns to be deternined

e

Fortunataly, for the problen discussei in this saper, we can

=

drove thaat 1 of the 4 uaknowns 3; can de arbitrarily 32lacted,

- 7 -
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4. 'lunarical Results

Jithout loss of Jan2rality, we choose
3=[(1033), q = Qog iy 124 ls,f]T

$0 8 = 2 arccos (q,’) ' &= 1y sign(q.,)/m »3*1,2,3

or 94" cos( &/2) , qii’&j sin(af/Z) ’ j=1,2,3

whera Gj, éj s Can be chosain accordingy to the dractical probdlen.

For example, 5,.:3.87463125, é~‘=3.159526134, 5“333.454357417

uee) (ft-1b)
x 104

° y 0 TIME
' (sec)

Fig. 2. CONTROL TORQUE
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Table I Slewinj Data aail Boundary Values

LOS ERROR (FE&)

2
1131133233 12259733232 I5=7L37342 (slujg-£t)
States
Initial Final
Je L . 3.93483775
q, J 3.15187329
1, 3 3.32935137
13 3 3.87393337
Wy ] 3
Wz 3 3
w3 7 3
Costates ( p,=9 ) x 18'%
No.of Iter. 2, 22 s
g -3.039363937  -3.059113951 -3.193939345
1 -3.009526333 -3.839331742 -3.291133379
2 -3.339532339 -3.039493332 -3.231193294%
3 -G,GJ9602835 -3.03394038936 -3.231193267
4 -3.0239632836 -3.0394038936 -3.231193267
L, L2 £y
3 -03.923492257 -3.172734931 -0.484773353
1 -3.02375793145 -3.195293493 -3.531347327
2 -3.323735125 -3.135472443 -=3.531933771
3 -3.823775325 ~3.13347255¢ =3.33123371)
4 -3.323735325 -3.133472551% —3.531933739

10 TIME (SEC)

0o 2 4 6 8

FiG.l. LINE-OF._SIGHT ERROR

-9 -
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3.

(1)

(2)

(3)

Jiscussion and Furtaer Reconnendations
Coasider tae Distridutisa of g 0a tha Saattle and taoe
Raflector.
Tine-Jotinal Slewing, (Rigid configuration),
Cost Fuaction N
%
3 =f 1
to
Solve tne TP3VP.dy S5acotingy Methods
Iaclude the Flexibility in the Problens.
4 Y T
zZ = [qo ql ‘_12 .13 dl W a /’5 A‘ Az coe An ?a P‘ ?2 oo e ]
{1 x 14 + 22 ]

n = Jo. of flexible appendage nodes includal

&go
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